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Abstract  WehereinreporttheresultsofawholegenomescanperformedinaPiétrainLarge
Whiteintercrosscounting525offspringtomapQTLinuencingeconomicallyimportantgrowth
and carcass traits. We report experiment-wide signicant lod scores (> 4:6) for meatiness
and fat deposition on chromosome SSC2, and for average daily gain and carcass length on
chromosome SSC7. Additional suggestive lod scores (> 3:3) for fat deposition are reported on
chromosomes SSC1, SSC7 and SSC13. A signicant dominance deviation was found for the
QTL on SSC1, while the hypothesis of an additive QTL could not be rejected for the QTL on
SSC7 and SSC13. No evidence for imprinted QTL could be found for QTL other than the one
previously reported on SSC2.
QTL mapping / pig / growth traits / carcass traits
1. INTRODUCTION
The availability of genome-wide microsatellite maps for an increasing
number of species has spurred efforts to dissect the molecular basis of the
geneticvariationforabroadrangeofmedically,agriculturallyorfundamentally
important heritable quantitative traits (e.g. [1,6]). Interest in QTL mapping
experiments has been considerable in livestock production science because of
the opportunities to exploit mapping data in more effective marker assisted
selection (MAS) schemes. Implementation of QTL mapping experiments in
livestock species has been facilitated by (i) the availability of large data sets of
phenotypicrecordscollectedaspartofmostbreedingprograms, (ii)theextens-
ive groundwork invested in the estimation of variance components including
estimates of heritability, and (iii) the possibility to design matings at will.
 Correspondence and reprints
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In animal genetics, QTL mapping experiments are either performed in
outbred populations, targeting the loci that contribute to the within population
variance, or in experimental crosses aiming at the genetic basis of the between
population variance. While the former approach has been extensively used in
cattle, leading to the identication of several QTL affecting for instance milk
production, the latter has been the preferred design in species such as pigs and
poultry (e.g. [1]).
In this work, we report results of a QTL mapping experiment targeting a
series of growth and carcass characteristics of economic importance in pig
breeding, performed in a Piétrain  Large White intercross. The Piétrain
breed, originating from the village of Piétrain in Belgium, is characterized by
its exceptional muscularity and leanness. Piétrain boars are therefore used
for their carcass improving ability in terminal crosses all over the world.
However, Piétrain animals have relatively poor growth features (such as daily
gain), and modest mothering characteristics and milk production. Moreover,
a large proportion of the animals suffer from malignant hyperthermia and the
associated porcine stress (PSS) and pale soft exsudative (PSE) syndromes. In
manyrespects,theLargeWhite,alsoknownasYorkshire,havecomplementary
features. They produce lower grade, fattier carcasses, but grow faster, are
prolic and good rearers and are resistant to stress. Crosses between these two
breeds therefore offer the possibility to identify the allelic variants respons-
ible for these differences. This opportunity is particularly relevant since the
corresponding variation is being exploited in the present breeding programs.
It is well established that a C ! T transition in the CRC gene is responsible
for malignant hyperthermia and associated PSS/PSE syndromes affecting the
majority of Piétrain individuals. The same mutation or closely linked DNA
sequence variants have also been shown to have a pleiotropic effect on several
carcass and growth traits (e.g. [7,17]). Depending on the trait considered, the
C ! T CRC mutation has been shown to account for 0% to nearly 100% of
the phenotypic differences observed between the two breeds [9]. For the pH
measuredafterslaughter,ameasureofmeatquality,theCRCgenotypevirtually
explains all the difference between the Piétrain and Large White. For all other
traits, however, the CRC genotype accounts for only part of this difference,
implying the existence of other contributing genes. The aim of the present
experiment was to map some of these QTL.
2. MATERIALS AND METHODS
2.1. Pedigree material
The pedigree material used to map QTL was selected from a previously
described Piétrain  Large White F2 pedigree comprising > 1800 individu-
als [9]. To assemble this F2 material, 27 Piétrain boars were mated to 20 LargeWhole genome QTL scan in a Piétrain  Large White F2 population 373
White sows to generate an F1 generation comprising 456 individuals. 31 F1
boars were mated to 82 unrelated F1 sows from 1984 to 1989, yielding a total
of 1862 F2 offspring. F1 boars were mated on average to 7 females, and F1
sows to an average of 2.7 males. Average offspring per boar were 60 and per
sow 23.
Biological material was stored for none of the individuals of the parental
generation, 31% (142 individuals) from the F1 generation, and 60% (1125
individuals) of the F2 generation. Based on sample availability and family
structure, we selected a set of 528 F2 individuals to perform a whole genome
scan in search for QTL affecting growth and carcass characteristics. These F2
individuals are the offspring of 20 F1 boars mated on average to four females,
and 45 F1 sows mated to an average of 1.8 males. Average offspring per boar
were 26.4 and per sow 11.7. Selection was not based on performance criteria.
2.2. Phenotypic information
2.2.1. Data collection
Atotalof15distinctphenotypesrecordedintheF2generationwereselected
for QTL mapping. These included one growth trait and 14 carcass traits
(Tab. I). A detailed description of the respective traits can be found in Hanset
et al. [9]. Table I reports for each trait the number of F2 individuals with
usablemeasurements,aswellasthecorrespondingmeanandstandarddeviation
measured in the F2 generation.
2.2.2. Data processing
Individualphenotypeswerepre-adjustedforxed effectsandcovariatesthat
proved to signicantly affect the corresponding trait. Variables included in
the model were selected by stepwise regression, except for the CRC genotype
which was consideredforall traits. Table I summarizes which xed effectsand
covariates were used to correct the respective traits, and reports the % of the
variance accounted for by the full model as well as by the genotype at the CRC
locus.
2.3. Marker genotyping
One hundred and thirty seven microsatellite markers spread across the
porcine genome were selected from published marker maps [19]. Marker
genotyping was performed as previously described [8]. Genotype interpret-
ation was performed independently by two experienced scientists, and their
interpretation was confronted after double entry in a purpose-build Access
database. The genotype at the CRC locus was determined using conventional
methods as described [7].374 C. Nezer et al.
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2.4. Map construction
Marker maps were constructed using the TWOPOINT, BUILD and
CHROMPIC options of the CRIMAP package [15]. In these analyses, full-sib
families related via the boar or sow were disconnected and treated independ-
ently.
Thestatisticalsignicanceofthedifferencebetweenmaleandfemalerecom-
bination rates was estimated from:
 2ln
L.datajhm 6D hf/
L.datajhm D hf/
D c2
1 (1)
where L.datajhm 6D hf/ corresponds to the likelihood of the data under a model
with male and female sex-specic recombination rates, while L.datajhm D hf/
corresponds to the likelihood of the data assuming a unique recombination rate
identical in both sexes.
2.5. Mapping Mendelian QTL
Conventional QTL mapping was performed using a multipoint maximum
likelihood method. The applied model assumed one segregating QTL per
chromosome, and xation of alternate QTL alleles in the respective parental
lines: Piétrain (P) and Large White (LW). A specic analysis program had to
be developed to account for the missing genotypes of the parental generation,
resultinginthefactthattheparentaloriginoftheF1chromosomescouldnotbe
determined. Using a typical interval mapping strategy, a hypothetical QTL
was moved along the marker map using user-dened steps. At each position,
the likelihood (L) of the pedigree data was computed as:
L D
2r X
wD1
n Y
iD1
4 X
GD1

P.GjMi;h;w/P.yi jG/

(2)
where
2r X
wD1
: is the sum over all possible marker-QTL phase combinations of the
F1 generation. Since there are two possible phases for each parent
(left chromosome P or right chromosome P), there are a total of 2r
combinations for r F1 parents.
n Y
iD1
: is the product over the n F2 individuals.376 C. Nezer et al.
4 X
GD1
: is the sum, for the i-th F2 offspring, over the four possible QTL
genotypes: P=P, P=LW, LW=P and LW=LW.
P.GjMi;h;w/: is the probability of the considered QTL genotype, given
(i) Mi: the marker genotype of the i-th F2 offspring and its F1 parents,
(ii) h: the vector of recombination rates between adjacent markers and
between the hypothetical QTL and its anking markers, and (iii) w:
the considered marker-QTL phase combination of the F1 parents. The
recombination rates and the marker linkage phase of the F1 parents
wereassumedtobeknownwhencomputingthisprobability. Bothwere
determined using CRIMAP in the map constructionphase (see above).
Sex-averaged recombination rates were used for QTL mapping.
P.yi jG/: is the probability density of the corrected phenotypic value (yi)
of offspring i, given the QTL genotype under consideration. This
probability density is computed from the normal density function:
P.yi jG/ D
1
p
2ps
e
 .yi mG/2
2s2 (3)
wheremG isthephenotypicmeanoftheconsideredQTLgenotype(PP,
PL, LP or LL) and s2 the residual variance. s2 was considered to be
the same for the four QTL genotypic classes.
The values of mPP, mPL D mLP, mLL and s2 maximizing L were determined
using the GEMINI optimisation routine [14].
The likelihood obtained under this alternative H1 hypothesis was compared
with the likelihood obtained under the null hypothesis H0 of no QTL, in
which the phenotypic means of the four QTL genotypic classes were forced
to be identical. The difference between the logarithms of the corresponding
likelihoods yields a lod score measuring the evidence in favour of a QTL at the
corresponding map position.
Note that as the marker-QTL linkage phase of the F1 individuals is
unknown, the likelihood surface under H1 is characterized by two equi-
probable maxima corresponding to permutations of the estimates of mPP
and mLL. As a consequence, we report the absolute values of TmPP   mLLU
and TmPL=LP   .mPP C mLL/=2U corresponding respectively to estimates of j2aj
and jdj as dened in Falconer and Mackay [5].
2.6. Lod score thresholds for signicant QTL
The lod score threshold, T, associated with a one-trait, genome-wide signi-
cance level (a1G) of 0.05, was computed such that:
a1G D 1   emT D 0:05 (4)Whole genome QTL scan in a Piétrain  Large White F2 population 377
where mT corresponds to the expected number of chromosome regions for
which the lod score (z) exceeds the threshold value T by chance alone.
Following the recommendation of Kruglyak and Lander [12] for a map with
intermediate map density, mT was computed as:
mT D

C C
rG
D

P.z > T/ (5)
where C corresponds to the number of chromosomes (D 19), r to the rate of
crossovers per Morgan (D 1:5 for an F2 population in which both additive and
dominancecomponentsareestimated),Gtothelengthofthegenomemeasured
in Morgans (D 21  see hereafter), D to the average distance between adjacent
markers in Morgans (D 0:18  see hereafter), and P.z > T/ to the nominal
probability that the lod score z exceeds the threshold value T. P.z > T/ was
calculated knowing that:
z D log10 LR D
lnLR
ln10

c2
2
2ln10
(6)
in which LR corresponds to the ratio between the likelihood of the data under
the alternative hypothesis H1 assuming a QTL at the considered map position
and the likelihood of the data under the null hypothesis H0 of no QTL, and
c2
2 corresponds to a random variable having a chi-squared distribution with
two degrees of freedom since both an additive and dominance component are
estimated under H1. This approach yields a one-trait, genome-wide lod score
threshold associated with a Type I error of 5% (a1G D 0:05) of 3.58.
This one-trait, genome-wide threshold was adjusted to account for the fact
that we analyzed not one but 15 distinct traits. Using the procedure described
by Spelman et al. [22] we determined that  because of their correlations 
the 15 analyzed traits were in fact equivalent to the analysis of 11 independent
traits. A Bonferroni correction corresponding to 11 independent tests was
therefore applied to the one-trait, genome-wide threshold. This yielded a lod
score value of 4.6 to obtain a multiple-trait, genome-wide signicance level
(aMG) of 0.05, corresponding to a single-trait, genome-wide signicance level
(a1G) of 0.0047.
2.7. Lod score thresholds for suggestive QTL
Following Kruglyak and Lander [13], the lod score threshold, T, sug-
gesting linkage in a one-trait, genome-wide analysis was computed from
equation (5) assuming a value of 1/11 for mT, i.e. the expected occurrence of
one chromosome region on average for which the lod score (z) exceeds the
threshold value T by chance alone, when analyzing 11 independent traits. This
yields a lod score threshold of 3.3.378 C. Nezer et al.
2.8. Testing for dominance
When a signicant or suggestive QTL was found, we tested the signicance
of the dominance deviation, d, by comparing the maximum likelihood of
the pedigree data under H1 (dened as above and allowing for dominance),
with the likelihood of the data assuming the existence of an additively acting
QTL at the same map position (referred to as the HA hypothesis). HA was
computed according to equation (2), however assuming that d D 0, therefore
thatmPL D mLP D .mPPCmLL/=2. Thesignicanceofthedominancedeviation,
d, was tested knowing that:
 2ln
L.datajH1/
L.datajHA/
 c
2
1.
2.9. Testing for imprinted QTL
TotestforimprintedQTL,weassumedthatonlytheQTLallelestransmitted
by the parent of a given sex would have an effect on phenotype, the QTL
alleles transmitted by the other parent being neutral. The likelihood of the
pedigree data under these hypotheses were also computed using equation (2).
TocomputeP.yijG/,however,thephenotypicmeansofthefourQTLgenotypes
were set at mPP D mPL D mP and mLP D mLL D mL to test for a QTL for which
the paternal allele only is expressed (HIP hypothesis), and mPP D mLP D mP
and mPL D mLL D mL to test for a QTL for which the maternal allele only is
expressed(HIM hypothesis). Itisassumedinthisnotationthattherstsubscript
refers to the paternal allele, the second subscript to the maternal allele.
Twodistinctapproacheswerefollowedtomeasurethestatisticalsignicance
of the HIM and HIP hypotheses. First, for signicant and suggestive QTL
identied using a Mendelian model (H1), we compared the likelihood of the
dataunderHIMandHIP withthatunderH1(atthemostlikelypositionunderH1).
H1wouldberejectedinfavorofHIMorHIPifforeitherofthese 2ln.LR/would
yield a signicant chi-squared value. This is in essence the approach that was
followed by Nezer et al. [18] to identify the imprinted QTL on chromosome 2.
In addition, we performed a whole genome scan under the HIM and HIP
hypotheses, in the hope of uncovering imprinted QTL that would have gone
unnoticed under the H1 hypothesis. Lod scores were computed as:
z D log10
L.data
 HIM=IP/
L.datajH0/

Signicantandsuggestivelodscorethresholdsweredeterminedusingequa-
tions (4, 5 and 6) as described above, however, assuming a value of 1 for r, a
chi-squareddistributionwithonedegreeoffreedomforz2ln.10/,andaBon-
ferroni correction corresponding to 11 (number of traits) 2.HIM and HIP/ DWhole genome QTL scan in a Piétrain  Large White F2 population 379
22 independent tests. This yielded a lod score threshold of 4 for signicant
linkage and 2.8 for suggestive linkage. If new QTL were to be found using
this approach, we would still confront the likelihood of the data under HIM or
HIP with that under the more conservative H1 hypothesis before accepting the
hypothesis of an imprinted QTL.
2.10. Information content mapping
In an F2 design, the information content along the used marker map can be
measured according to Knott et al. [11] as:
n X
iD1
h 
PQQ   Pqq
2 C 2
 
PQq   0:5
2i
n   1
(7)
where PQQ, Pqq and PQq are the probabilitiesthat the i-th offspring has respect-
ively the QQ, Qq or qq genotype at the considered map position given anking
marker data. In these, Q and q are the QTL alleles assumed to be xed in the
respective parental lines.
In the present study, PQQ, Pqq and PQq could not be computed as such,
because the parental generations were not genotyped. However, for each
F2 offspring, we could compute four probabilities referred to as PLS, PRS
.D 1   PLS/, PLD and PRD .D 1   PLD/, corresponding to the probabilities
that it received respectively the left.PLS/ or right.PRS/ homologue from
its sire, and the left .PLD/ or right .PRD/ homologue from its dam, at a
given map position. From these probabilities, the information content at map
position p (ICp) was measured as:
ICp D
Pn
iD1

.PLS   PRS/
2 C .PLD   PRD/
2
2n   1
 (8)
Inthis.PLS PRS/2 and.PLD PRD/2 measuretheabilitytodiscriminatewhich
homologue (leftor right) was transmitted by respectively the sire and the
dam to offspring i. Values for .PLS PRS/2 and .PLD PRD/2 range from 0 (no
information) to 1 (perfect information). ICp measures the average information
content across the 2n chromosomes of the F2 generation.
3. RESULTS
3.1. Map construction and information content
One hundred and thirty two out of the 137 genotyped markers could be
ordered with odds versus all alternative orders superior to 1000:1. The380 C. Nezer et al.
Table II. Main features of the generated microsatellite marker map.
Chrom. SA-cM M-cM F-cM p-value N I1 I2 I3 I4 I5 I6 I7 I8
1 117 142 109 **** 7 27 12 22 6 25 23
2 135 122 152 **** 9 1 6 17 29 21 8 4 48
3 145 133 157 **** 8 48 21 8 8 21 17 22
4 129 116 148 **** 8 25 17 17 14 26 19 11
5 121 101 142 **** 6 62 15 8 10 25
6 124 115 143 **** 8 23 24 21 1 8 35 11
7 148 125 171 **** 9 31 18 13 6 20 34 18 6
8 136 124 146 **** 9 21 30 8 5 19 16 7 30
9 128 109 154 **** 8 9 24 28 15 17 24 23
10 125 121 136 **** 9 25 17 17 4 22 16 10 14
11 85 71 112 **** 6 15 26 8 26 10
12 90 70 114 **** 5 29 17 17 28
13 110 123 106 **** 8 13 26 4 9 15 23 19
14 108 105 113 **** 8 24 19 21 7 3 16 18
15 116 95 138 **** 7 15 14 21 16 8 42
16 59 48 75 **** 6 6 12 14 16 12
17 83 50 126 **** 5 16 15 14 38
18 66 48 126 **** 4 35 11 20
X 50 21 110 7 22 24 11 19 21 #13(21)
Tot: 2074 1840 2432 137 Average: 18
SA-cM: sex-averaged cM; M-cM: male-specic cM; F-cM: female-specic cM;
p-value: statistical signicance of the difference between male- and female-
specic cM;  D< 10 3; N: number of markers per chromosome; Ix: size
in cM of the corresponding marker interval. # Female and male (between brackets)
size of the pseudoautosomal SW980SW961 interval.
correspondingmap wasinperfectagreementwithpreviouslypublishedmarker
maps [19]. Four of the unplaced markers were terminal markers which could
be placed on either end of the correspondinglinkage group (SWR308, SW274,
ACR, SW2540), the remaining one being an internal marker for which two
adjacent intervals had associated odds of 10:1 (SW1070). The positions of
thesevemarkerswerexedaccordingtoRohreretal.[19]andrecombination
rates were estimated accordingly. This yielded a marker map anking a total
of 20.74 sex-averaged Morgans (Kosambi), with an average distance of 18 cM
between adjacent markers. The number of markers per chromosome averaged
7.2 (range: 4 to 9). Table II summarizes the main features of the used marker
map.Whole genome QTL scan in a Piétrain  Large White F2 population 381
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Figure 1. Information content of the used microsatellite marker map. The Y-axis
measures the information content computed as described in Section 2. The limits
between the different chromosomes are reported by vertical lines, while the corres-
ponding chromosome numbers are given along the X-axis. The vertical line at 68%
corresponds to the average information content across the map.
When computing the likelihood of the pedigree data assuming sex-specic
recombination rates, highly signicant differences between male and female
recombination rates were found for all chromosomes (Tab. II). With the
exception of chromosomes 1 and 13 for which the male maps (respectively
142 cM and 123 cM) proved larger than the female maps (respectively 109 cM
and 106 cM), the female maps of all other chromosomes were systematically
larger than the corresponding male maps as expected. The total autosomal
map length was estimated at 23.22 Morgans in females versus 18.19 Morgans
in males. The genetic length of the X chromosome was estimated at 110 cM
in females, while 21 cM from the pseudoautosomal region (marker interval
SW980-SW961) could be traced in male meioses.
Figure 1 illustrates the information content obtained across the genome. It
averages 68%, ranging from 24% to 98%.
3.2. QTL mapping
The experiment-wide signicance threshold (lod score > 4:6, accounting
for the testing of multiple loci and traits) was exceeded for two chromosomes.
A lod score of 20 was reached at the centromeric end of chromosome 2 (map
position 1 cM) for the % loin. Signicant lod scores (range: 918) were
obtained at approximately the same position for two other muscularity traits
(%ham,%leancuts)aswellasthreefatnesstraits(backfatthickness,%backfat,
% fat cuts). This QTL was shown to be imprinted with an expression of the382 C. Nezer et al.
Table III. Characterization of the identied QTL effects.
Chrom Position Trait Lod score 2a d sR
7 89 cM Average daily gain (Kg/day) 5.6 0.09 0.01NS 0.06
7 106 cM Carcass length (cm) 4.9 1.69 0.12NS 1.50
7 89 cM % belly 3.3 0.90 0.14NS 0.68
1 56 cM BFT (rump) (mm) 4.1 0.43 0.18  0.32
13 10 cM BFT(average) (mm) 3.2 0.28 0.03NS 0.28
For each signicant or suggestive QTL effect, we report: the chromosome, the
position on the chromosome (in cM), the trait affected (with corresponding units),
the corresponding lod score value, the estimated difference between the phenotypic
means of alternate homozygotes 2a D jmPP   mLLj, the estimated dominance devi-
ation d D jmPL=LP   .mLL C mPP/=2j, and the residual standard deviation sR. The
statistical signicance of the corresponding d-values is given in superscript: NS =
non signicant;  D 0:01 < p < 0:05.
paternal allele only and to map to the IGF2 locus. The corresponding results
have been previously reported in detail in Nezer et al. [18], and have been
conrmed by others (e.g. [10,3]).
Anexperiment-widesignicantlodscoreof5.6wasfoundonchromosome7
at map position 79 cM in the interval between markers S0066 and SW252 for
average daily gain. A signicant effect on carcass length (lod score 4.9; map
position 89 cM) and suggestive effect on % belly (lod score 3.3; map position
79 cM) were found in the same region. The corresponding location scores are
shown in Figure 2a, while the corresponding maximum likelihood estimates
of the genotype means and residual variance are reported in Table III. It
can be seen from this table that a(i.e. half the difference between alternate
homozygotes) ranges from 0.55 to 0.75 residual standard deviations. The
dominance deviation dranges from 0.08 to 0.25 residual standard deviations
but is never signicantlydifferentfrom zero. Indeed, in none of thesecasesdid
H1 prove signicantly more likely than HA. Lod scores superior to 1.4 were
found in the same region for % loin, % shoulder and lumbar backfat thickness
(BFT) indicating that the same QTL likely affects other carcass traits as well
(data not shown).
In addition, we found suggestive or nearly suggestive evidence for two
additional QTL respectively on chromosomes 1 and 13. A lod score of 4.1
was obtained at map position 56 cM of chromosome 1, while a lod score of
3.2 was obtained at map position 10 cM of chromosome 13, both for backfat
thickness (Fig. 2b,c). The corresponding maximum likelihood estimates of
genotype averages and residual standard deviations are reported in Table III.
The dominance deviation proved to be signicant for the chromosome 1 QTL,
but not for the chromosome 13 one. Additional lod scores > 1:4 were found inWhole genome QTL scan in a Piétrain  Large White F2 population 383
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Figure 2. Lod score proles obtained on chromosomes SSC7 (a), SSC1 (b) and
SSC13 (c) for average daily gain (), carcass length (C), % belly (), rump
BFT (mm) (N) and average BFT (mm) (). The names and position (in cM) of
the microsatellites used are reported respectively under and above the graph.384 C. Nezer et al.
thesamechromosomeregionsforotherfatdepositiontraits(SSC1andSSC13),
as well as for average daily gain (SSC1) (data not shown).
3.3. Testing for imprinted QTL
We rst tested for evidence that the QTL identied on chromosomes 1, 7
and 13 might be imprinted using the procedure described in Section 2. For
these three chromosomes, the likelihoodof the data were systematicallyhigher
under the hypothesis of a Mendelian QTL than under that of imprinted QTL
whether paternally or maternally imprinted, indicating that neither of these
QTL is likely to be imprinted.
We then performed a whole genome scan comparing the likelihood of
the data under the HIM and HIP hypotheses versus the H0 hypotheses. We
did not obtain lod scores that would reach the signicant (4) or suggestive
(2.8) thresholds for any of the chromosomes. Our data therefore did not
provide evidence for the existence of imprinted QTL other than the one on
chromosome 2 [18].
4. DISCUSSION
We herein report the results of a whole genome scan performed in a Piétrain
 Large White intercross to map QTL inuencing growth and carcass traits.
The identication of an imprinted QTL with major effect on muscle mass
and fat deposition on chromosome 2 in this same material has been previously
reported[18]. Inthispaper, wedescribetheidenticationofaQTLinuencing
average daily gain, carcass length and to a lesser extent fat deposition on pig
chromosome 7. QTL affecting carcass traits have been previously reported on
pig chromosome 7 by several authors. Most of these studies were based on
intercross populations generated from Chinese  European F1 parents (e.g. [2,
3,20,21,23]). The most likely position of the QTL identied in these studies
systematically coincided with the TNFb and MHC loci around position 50 cM
on our map (Fig. 2a). This was approximately 35 cM away from the most
likely position of the QTL found in this study and outside of the lod  2
drop off interval, suggesting that we uncovered a different QTL in this study.
Note that in a recent study performed by Malek et al. [16] in a Berkshire
 Yorkshire intercross, a QTL with experiment-wide signicance on backfat
was reported with a maximum likelihood position in between the two former
QTL.
In addition, we report two suggestive QTL affecting backfat thickness,
respectively on chromosomes 1 and 13. QTL with major effect on growth
and carcass traits have been reported at the telomeric end of pig chromosome 1Whole genome QTL scan in a Piétrain  Large White F2 population 385
by Rohrer et al. [20,21], de Koning et al. [3] and Bidanel et al. [2]. All these
studieswere performedin F2 crossesinvolvingChinese and European parental
lines. Based on its maximum likelihood position, it seems unlikely that the
QTL reported in this work would be the same. However, Malek et al. [16],
have reported QTL inuencing backfat thickness close to the QTL reported in
this work. Moreover, closer examination of the location scores reported by
de Koning et al. [3] are suggestive of a QTL that could coincide with ours
in addition to the telomeric one. These results support the real nature of the
suggestiveQTL foundinthisstudyon chromosome1. Suggestiveevidencefor
aQTLinuencingbackfatthicknessonthecentromerichalfofchromosome13
were reported by Rohrer et al. [20,21], Malek et al. [16] and Bidanel et al. [2],
again in support of the real nature of the suggestive effect uncovered in this
analysis.
We did not nd evidence for imprinted QTL on chromosomes other than 2
in this experiment. Therefore, this contradicts the recent report by de Koning
et al. [4] claiming the existence of multiple imprinted QTL for carcass and
growth traits in the pig genome. The reason for this discrepancy remains
unclear. It could reect the limited detection power of our experimental design
due to the limited number of analysed F2 individuals (< 530), the missing
phase information in the F1 generation, and the very stringent signicance
thresholds used.
As a result of the missing phase information in the F1 generation, we
cannot formally determine the parental origin of the QTL alleles responsible
for the effects detected on chromosomes 1, 7 and 13. We assumed a priori
that the QTL alleles increasing average daily gain, carcass length, and fat
deposition originate from the Large White population. Genotyping additional
relatives with chromosome 2 markers allowed us to trace the parental origin
of the chromosome 2 QTL alleles, demonstrating that as expected the allele
increasing muscle mass while decreasing fat deposition originated from the
Piétrain founder animals [18].
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